As lipofilling of the female breast is becoming more popular in plastic surgery, the use of MRI to assess breast volume has been employed to control postoperative results. Therefore, we sought to evaluate the accuracy of magnetic resonance imaging (MRI)-based breast volumetry software tools by comparing the measurements of silicone implant augmented breasts with the actual implant volume specified by the manufacturer. MRI-based volume analysis was performed in eight bilaterally augmented patients (46 ± 9 years) with three different software programs (Brainlab© I plan 2.6 neuronavigation software; mass analysis, version 5.3, Medis©; and OsiriX© v.3.0.2. 32-bit). The implant volumes analysed by the BrainLab© software had a mean deviation of 2.2 ± 1.7% (r=0.99) relative to the implanted prosthesis. OsiriX© software analysis resulted in a mean deviation of 2.8 ± 3.0% (r=0.99) and the Medis© software had a mean deviation of 3.1 ± 3.0% (r=0.99). Overall, the volumes of all analysed breast implants correlated very well with the real implant volumes. Processing time was 10 min per breast with each system and 30 s (OsiriX©) to 5 min (BrainLab© and Medis©) per silicone implant. MRI-based volumetry is a powerful tool to calculate both native breast and silicone implant volume in situ. All software solutions performed well and the measurements were close to the actual implant sizes. The use of MRI breast volumetry may be helpful in: (1) planning reconstructive and aesthetic surgery of asymmetric breasts, (2) calculating implant size in patients with missing documentation of a previously implanted device and (3) assessing postoperative results objectively.
INTRODUCTION
B reast volume assessment is not routinely performed prior to breast surgery; however, it may be helpful in optimizing the postoperative outcomes 1 . As symmetry of breasts is one main objective in aesthetic and reconstructive breast surgery, having a simple tool to assess breast volume is desirable. Indeed, in pathological conditions with substantial asymmetry, for example Poland syndrome or following mastectomies, the calculation of breast size and volume differences preoperatively, offers a better chance for more symmetric breasts, postoperatively. Furthermore, lipofilling for breast modification highlights another clinical indication for volume analysis of the breast as a method is needed to evaluate the remaining fat tissue during routine follow-up.
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Various methods used to measure breast volume have been previously described 2,3 . The anthropometric method is based on the end-to-end measurement of the thorax. The breast is visualised as half of an ellipse and the necessary parameters, according to the mathematical formula, are measured directly on the patient or from a photograph 4, 5 . Alternatively, similar measurements can be obtained from mammographies 6, 7 . Thermoplastic sheets may be used to generate a three-dimensional cast of the breast in order to determine breast volumes 8, 9 . Breast volume can also be assessed using the displaced water technique, whereby the patient bends over a water-filled container and the displaced water is collected 3, 10 . In addition, a non-invasive, three-dimensional body surface imaging capability is available
12
. Advantages of this technique include the quantitative evaluation of symmetry, volume, shape, contour, surface and length 1, [11] [12] [13] . Finally, widely available radiological procedures, for example computer tomography (CT) and magnetic resonance imaging (MRI) are accepted diagnostic and volumetric tools for the female breast [14] [15] [16] [17] [18] [19] [20] . Apart from contraindications, i.e. pacemaker or claustrophobia, breast MRI is a safe, non-invasive and non-irradiative method to obtain substantial information on the breast.
In addition to MRI as a diagnostic tool, volume assessment through MRI imaging has been described before 21 . In breast volumetry, the border between mammary tissue and the thoracic wall can be easily determined with axial slices. Furthermore, calculating volumes of other organs, tissuetypes and brain regions with MRI is possible due to the unique densities of these tissues 22, 23 . With respect to the volume calculation, demarcation only of the lesion or area to be assessed is necessary. Furthermore, DICOM data sets consisting of MRI data of the breast can be processed in a similar way as cranial MRI data with Brainlab© I plan 2.6 neuronavigation software. Modern radiological image processing systems including Mass analysis, version 5.3, Medis© also contain a volume tool. Similarly, computer software not limited to hospital use, for example OsiriX©, offers another alternative for volume calculation.
Breast MRI is a powerful diagnostic tool and is currently considered the gold standard for diagnosing breast implant rupture 17 . Recently, this method has become more integrated into radiographical diagnostics of the breast. While the use of MRI for the assessment of breast volume is appealing, it remains equivocal whether the analysis is both simple and convenient. To this point, the study presented here, evaluates breast volume measurements using three commonly used MRI software packages. To validate the calculations, MRI data of augmented breasts were compared to the computed volume analysis with respect to the real implant dimensions.
MATERIAL AND METHODS

Patients
Eight healthy female patients who had previously received silicone implant based breast augmentation were included in the study. MRI examinations of both breasts were already available. There were no radiological implications for an implant rupture in any of the 16 breast implants. Retrospectively, a volume analysis was performed. Mean age of the patients was 46±9 years at time of examination. IRB approval was obtained by the ethics committee of Hannover Medical University before beginning any research.
MRI
MRI data was available digitally. Examinations were performed using a 1.5 T clinical whole body scanner (Sigma Advantage Echo Speed, GE Health Care, Milwaukee, WI, USA).
The patient was placed in a prone position with a standard breast case to prevent compression. A standard, four-channel receiver breast coil was used in all cases. Images were acquired with a standard IR-GRE sequence shimmed to the silicon peak to enable silicon selective imaging. Sequence parameters were as follows: TR/TE 5,000/100 ms; TI: 150 ms; field of view 37×37 cm; matrix 512×256; section thickness 4.0 mm without intersection gap. Examinations covered the entire breast in an axial scan direction. No intravascular contrast agent was used.
Volume Analysis
All volume analyses were performed with three different software programs. Examiners were blinded to the implant size prior to performing the volume analysis. Historical MRI data from patients were uploaded from the DICOM data saved on CD Rom or PACS system. Figures 1, 2 and 3 show the process of marking the borders of the breast implant. The implant itself was easy to outline and differentiate from breast tissue due to an implant specific intensity on the MRI. The breast itself was determined to include areola, nipple and skin on the surface as the superior border and to lie above the pectoral muscle, as the internal border. The medial border parasternal was identified, and the lateral border was defined at the lateral thorax wall, where the subcutaneous fat of the breast reached the same height as the subcutaneous fat of the thorax wall. From this point, a straight line was drawn radial to the pectoral muscle.
Statistical Analyses
Statistical Analysis was performed using the SPSS standard software package (version 15; SPSS Inc., Chicago, IL, USA). Statistical differences were determined using the Pearson's correlation test and the Greenhouse-Geisser correlation test as a general linear model for repeated measurements. This test measures the differences between measurements, in order to assess the within subject variability. A p value of G0.05 was considered significant.
RESULTS
All eight patients had previously undergone a bilateral breast augmentation. Seven patients received implants of equal size (130-430 cc) and one patient received a 275 cc implant on the left and a 315 cc implant on the right side (mean implant volume 246±88 cc). Figure 4 depicts the volume analysis of the implants placed in order of size. All 16 silicon implants were intact.
The mean implant volume analysed by the BrainLab© software was 246±85 cc with a mean measurement deviation of 2.2±1.7%. Analysis using OsiriX© software resulted in a mean implant volume of 248±95 cc with a mean deviation of 2.8± 3.0%. Mean implant volume determined by Medis© software was 249±85 cc. These measurements had a mean deviation of 3.1±3.0%.
The volumes of all analysed breast implants correlated well with the volumes specified by the manufacturers. Pearson correlation coefficients calculated for the given implant size were r=0.99 (pG 0.05) for volume analysis using all three software packages. No volume differences among the different software packages (p=0.516) were observed, suggesting that all three can be useful tools for studying breast volumetry. Average time for volume analysis of each breast implant was 5 min with BrainLab© and Medis© software programs and 30 s with the OsiriX© software package.
The same three software packages were used to determine the volume of the entire breast, including implant (Fig. 5) . The average volumes of all analysed breasts were 594±211 cc (OsiriX©), 627±225 cc (BrainLab©) and 631±221 cc (Medis©). Similar to the data reported above, Pearson correlation coefficients for all analyses were r=0.99 (pG0.05). Average time for each breast volume analysis with all three systems was 10 min. In whole breasts there is no uniform intensity like in silicone implants, so OsiriX© is not faster than the other software in calculating the volume of whole breasts.
DISCUSSION
The study described herein evaluated the feasibility of MRI-based evaluation of breast volume on augmented breasts. The three different software tools assessed, currently used for other medical applications, offer a relatively simple and fast method for the surgeon, while being convenient and safe for the patient.
Our study design offered us the possibility to correlate the calculated volume of the implant in situ, to the actual implant volume. Whereas other studies, measuring breast volume, only compared calculations obtained from different methods. In addition, the whole breast was also analysed to demonstrate the applicability of this method for its original intention-volume analysis of the human breast.
We evaluated both the accuracy of the softwaregenerated volume to the actual implant volume, in addition to the precision of the three different software packages in calculating silicone implant and total breast volumes. Accuracy with respect to the known implant volumes was encouraging: mean deviations were 2.2% with the BrainLab© software, 2.8% with the OsiriX© software and 3.1% with the Medis© software. Furthermore, serial measurements of both the implants and the entire breast using the different software packages showed significant precision.
The most accurate software program was BrainLab©, although all packages performed almost equally well. Purchasing cost is the main disadvantage of the BrainLab© software package; however, it is a commonly used system in neurosurgical departments so access, and thus cost may not be limiting. Data obtained from Medis© software analysis were also accurate with respect to the known implant volumes. In addition, the software cost is affordable and can be found in most radiology departments.
Analysis of the MRI data using all three systems was quick (approximately 10 min/breast), in addition to a 5 min analysis per implant with Medis© and BrainLab©. OsiriX© offers an integrated tool for marking regions of the same intensity in MRI images, and consequently, was the fastest software for silicone implant volumetry of the three (G30 s/implant). An advantage of this program, in addition to the analytic speed, is the free, open access version. Despite this, it has not yet been legally approved for clinical use in the USA and Europe.
Practicality and reproducibility are limiting factors of the different methods currently used for breast volume measurement 3 . Anthropomorphic methods are based on individual measurements employing end-to-end values and geometrical shapes that do not always correlate to the human anatomy. Furthermore, although not cost intensive, the mean volume deviation for this method is reported as 6.26%
2 . Thermoplastic casts are inflexible and lead to the compression of the breast against the thorax wall. While patient discomfort is subjective, the objective difficulties, i.e. filling the forms after production with water or sand, misrepresent the convex nature of the thorax. Furthermore, resource requirements, including material costs ($300/patient), time and manpower, in addition to an average mean volume deviation of 7.97%, do not promote this technique 2 . Archimedean methods of water displacement are relatively simple and do not generate costs, but require the patients to conform to standard procedures, making measurement precision and reproducibility a challenge. Non-invasive 3D-body scanning is fast; however, the analysis of the scan is time intensive and only the surface of the breast can be visualised 25 . There is a wide range of 3D-body scanning systems available which differ enormously in quality and cost 2 , single camera systems are available from $20,000 to $100,000 26 . The running costs are depending on the software license.
The advantage of using MRI for breast volumetry stems from the fact that MRI is a powerful diagnostic tool. At our hospital costs of a mamma MRI is round about $280 each patient. The ability to utilise all images, even at different times, adds to the cost effectiveness of this method. In contrast to 3D scanning in combination with mammography of the breast where multiple hospital visits may be necessary, MRI allows for both the examination and evaluation of the breast in the same exam. This not only benefits the physician with respect to time, but also the patient. Furthermore and in addition to decreasing costs associated with MRI, MRI equipment is available in most hospitals, including the analytical software designed for clinical use.
In conclusion, the results of this study are encouraging and are in line with previously reported data using this technique 2, 20 . Ultimately, MRI of the breast offers information regarding breast tissue without exposing the patient to radiation and/or uncomfortable examination techniques as with the aforementioned methods.
Limitations
As with other techniques, subjectivity of the program user, may confound the data obtained. To this point, tracing of the implant on the axial slices using volumetric software is still dependent on the accuracy of the examiner. Despite this, silicone can be differentiated from native breast tissue quite easily on MRI images and implants, making this a minor problem in MRI volume assessment of the implant. In contrast, definition of the entire breast can be rather subjective. Careful tracing of both the right and left breast in the same way, utilizing the same anatomic landmarks, may help to maximise accuracy.
Breast MRI is not routinely performed during regular appointments and so the number of patients with MRI examinations is small in comparison to patients undergoing mammographic examination. Therefore, the number of MRI examinations available and appropriate for this study was limited, leading to the non-randomised study design. However, these data are an encouraging foundation for future MRI-based volumetry studies, which in turn, will help determine the clinical benefit of MRI-based breast volumetry.
CONCLUSION
As presented in this paper, MRI-based breast volumetry is simple and convenient. The comparison of three different software tools resulted in a positive correlation, with low measurement deviations, between actual implant volume and calculated volume. The utility of MRI-based breast volumetry is especially highlighted in the planning of breast surgery, specifically the reconstructive and aesthetic surgery of asymmetric breasts. Furthermore, in the absence of original operative notes, MRI-based breast volumetry may provide pertinent information. In the emerging field of breast augmentation and reconstruction with lipofilling or hyaluronic acid, this method offers an objective tool for initial operative planning and post-operative follow-up, to assess volume and composition of breast tissue, in situ, in one step.
